INTRODUCTION {#sec1-1}
============

The most commonly used replacement following the resection of the oesophagus performed due to tumours is the tabularised stomach with an anastomosis in the chest or on the neck. The potential anastomotic leak is linked to significantly increased post-operative morbidity and mortality.\[[@ref1][@ref2]\] Only early identification and treatment of this life-threatening complication can improve the results. An anastomotic leak may be signalled by a change in the overall clinical condition, laboratory values, or a finding achieved through imaging methods. The interpretation of laboratory findings, such as elevation of inflammatory parameters of the C-reactive protein (CRP) and procalcitonin (PCT) may be complicated in the diagnostics of anastomotic leaks since oesophagectomy, as an extensive surgical operation, induces a systemic inflammatory response syndrome (SIRS).\[[@ref3]\] Accurately distinguishing between surgical and respiratory complications, which are common after oesophageal resections, might also be an issue.\[[@ref4]\]

When detecting infectious complications, PCT is generally a more specific marker than CRP. CRP is inexpensive, highly sensitive but non-specific marker for early diagnostics of post-operative complications.\[[@ref5]\] Differences in CRP values that might predict infectious complications were observed mainly in colorectal surgery where a CRP value of 135 mg/l on the 4^th^ day following operation was defined as significant.\[[@ref6]\]

Surgical approach may play an important role in interpreting post-operative CRP values. Most works describe the laparoscopic approach as causing a weaker post-operative immune response than open surgeries. This finding relates to elective\[[@ref7]\] as well as acute\[[@ref8][@ref9]\] laparoscopic operations. The results of works comparing CRP levels after open and minimally invasive oesophagectomies (MIEs) are rather inconsistent. According to Scheepers CRP levels after open and MIE are comparable.\[[@ref10]\] However, the work of Tsujimota shows that CRP elevation is lower after a minimally invasive approach than after open surgery and that the relationship between infectious complications and post-operative CRP level is not clear.\[[@ref11]\]

The aim of this work was, therefore, to find the relationship between the development of post-operative CRP values and the occurrence of anastomotic complications following MIE performed through thoracoscopic and laparoscopic approaches with tabularised stomach replacement and cervical anastomosis.

MATERIALS AND METHODS {#sec1-2}
=====================

Selection of patients {#sec2-1}
---------------------

The studied group included patients with MIE indicated for oesophageal tumours. All patients were discussed in an interdisciplinary indication committee regarding the indication of neoadjuvant oncological therapy or primary resection surgery and signed informed consent to the treatment and their enrolment in the studied group. Patients with neoadjuvant chemoradiotherapy underwent the operation after 6--8 weeks. All patients in this group underwent mini-invasive oesophagectomy with cervical anastomosis.

Surgical technique {#sec2-2}
------------------

The operation was initiated in the pronation position, without selective ventilation, by right-sided thoracoscopy. After the interruption of the vena azygos, the thoracic part of the oesophagus was released and lymphadenectomy was performed. After the change of position into supination there followed laparoscopic interruption of short gastric veins, and releasing of the greater curvature of the stomach with the examination of the gastroepiploic arterial arcade. The fundus of the stomach was then released along with the gastro-oesophagal junction and abdominal oesophagus. Lymphadenectomy around the branches of the truncus coeliacus and the Kocher manoeuvre were performed. The cervical oesophagus was released and interrupted through an incision on the left side of the neck. The stomach and resected oesophagus were taken out from a short transversal laparotomy in the epigastrium. Stapler stomach tabularisation was performed with a standard width of tubule of 4 cm. Pyloroplasty was performed in all patients. After the transposition of the tabularised stomach through posterior mediastinum, the cervical anastomosis was constructed side-to-side using a 60 mm long endostapler.

The study was performed in a group of 40 patients aged 41--75. The occurrence of post-operative complications was monitored as follows: leaks, anastomotic stenosis and the necessity of revision surgery with respect to CRP values. Perioperative CRP values were \<5 mg/l in all patients. A total of 28 patients underwent neoadjuvant therapy, and 12 patients were operated on primarily. In 34 cases, the tumours were adenocarcinomas and in 6 spinocelular carcinomas.

The specification and observed parameters of the studied group are summarised in [Table 1](#T1){ref-type="table"}.

###### 

Specification of the group
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Statistical analysis {#sec2-3}
--------------------

Statistical analysis was performed using Statistica 10.0 software. The Mann--Whitney non-parametric test was used to assess the relationship of CRP values on the 3^rd^, 5^th^ and 7^th^ days following operations to the occurrence of anastomotic leaks, number of revisions and post-operative stenosis in anastomosis (or finding the difference between average CRP values on the 3^rd^, 5^th^ and 7^th^ days following operation between patients with leaks and without leaks, i.e., with necessary revision and without it, with developed stenosis and without stenosis within the entire group).

RESULTS {#sec1-3}
=======

A total of 40 patients were indicated for MIE between January 2012 and June 2015. The length of the monitoring period after the operation was at least 1 year. Anastomotic leaks occurred in 11 of the operated patients. Two cases of those showed clinical signs of sepsis with necessary revision due to pathological secretion leaking into the right hemithorax. In other cases, the leak resolved without reoperation, and pathological secretion disappeared within 1 week of local treatment of the cervical incision. One patient died due to sepsis. Two other reoperations were indicated due to profuse chylous secretion from the thoracic drainage and dehiscence of the laparotomy. Stenosis in anastomosis occurred in six cases which were resolved through repeated endoscopic dilation.

A significant difference was found in average CRP values on the 5^th^ and 7^th^ days following operation between patients with and without leaks. Patients with leaks had higher CRP values. The difference between the average CRP values of both groups on the 3^rd^ day following operation was not significant. The average CRP value in patients without leaks was 122.8 mg/l on the 5^th^ day after operation and 233 mg/l in patients with leaks \[[Table 2](#T2){ref-type="table"}\].

###### 

Differences in C-reactive protein values on the 3^rd^, 5^th^ and 7^th^ day following operation between patients with leaks (1) and without leaks (2)
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A significant difference was found in average CRP values on the 5^th^ day following operation between patients needing revision surgery and patients that did not. Patients whose condition required reoperation in due course had significantly higher CRP values. The difference in average CRP values on the 3^rd^ day between both groups was of borderline significance. Differences in CRP values on the 7^th^ day following operation between both groups were not significant \[[Table 3](#T3){ref-type="table"}\].

###### 

Differences in C-reactive protein values on the 3^rd^, 5^th^ and 7^th^ days following operation between patients needing revision surgery (1) and patients that did not (2)

![](JMAS-15-46-g003)

No significant difference was found in average CRP values on the 3^rd^, 5^th^ and 7^th^ days following operation between patients who developed stenosis and patients who did not \[[Table 4](#T4){ref-type="table"}\].

###### 

Differences in C-reactive protein values on the 3^rd^, 5^th^ and 7^th^ day following operation between patients with stenosis in anastomosis (1) and without stenosis in anastomosis (2) within the entire group

![](JMAS-15-46-g004)

No differences in post-operative CRP values were found between patients after neoadjuvant therapy and patients operated on primarily.

DISCUSSION {#sec1-4}
==========

The rate of mortality after oesophageal resections has significantly decreased in recent years; some authors even claim it to be below 2%. Post-operative morbidity is decreasing as well.\[[@ref12]\] It is not possible to prove securely whether this positive development has occurred due to improved pre-operative preparation, new anaesthetic methods or the use of minimally invasive approaches. Assessing the benefit of the minimally invasive techniques is difficult due to their variety. A significant number of deaths following oesophageal resections relate to the presence of anastomotic leaks. Half of the patients after healed leaks then encounter problems with anastomotic stenosis, which negatively impacts their quality of life.\[[@ref13]\] Early identification of patients with developing surgically induced infectious complications may lead to the quicker onset of treatment. On the other hand, distinguishing between 'normal' SIRS and infectious complications may also prevent unavailing antibiotic therapy and its potential complications.\[[@ref14]\]

The published literature presents various ways of proving leaks, usually through radiology. There is a dispute as to whether such examinations should be performed routinely or only in symptomatic patients. The problem of routine examinations is their low benefit for the actual treatment. A sensitivity of only 54% for leak detection was mentioned even in the case of routinely performed computed tomography oesophagography. Accuracy improved in correlation with laboratory methods, possibly also with the determination of elevated amylase values from thoracic drainage.\[[@ref15]\] Routine radiological examination of cervical anastomoses was disputed by Boone *et al*. as 53% of patients clearly had a leak before the routine passage with aqueous stain, planned for the 7^th^ day after the operation, was actually performed.\[[@ref16]\] Leaks occurring earlier than on the 7^th^ day after operation were found in three patients in our group, in three cases, it occurred on the 7^th^ day, and in four cases, it occurred later.

Routine endoscopic examination on the 7^th^ day following the operation is recommended by Page. The benefit of this approach, besides the detection of defects in the anastomosis or the stapler line of the tabularised stomach, is the possibility of assessing the vitality of tissues, which cannot be achieved with radiological methods.\[[@ref17]\] In his group, Page did not describe any complications related to the performance of endoscopy; however, it is an invasive examination, and it is disputable whether it should be performed on patients in good clinical condition where laboratory findings show no evidence of infectious complications. The advantage of endoscopy is the possibility of therapeutic intervention to resolve leaks from the oesophagogastric anastomosis.\[[@ref18]\] Considering the invasive character, high cost and dilemma regarding the ideal timing of the examination methods proving leaks it seems rational to monitor the post-operative dynamics of an inexpensive and easily available laboratory marker such as CRP and carry out potential examinations individually.

We found a statistically significant difference in CRP values on the 5^th^ day following operation in the group of patients with leaks. At that time, a leak had been clinically manifested in one patient only, but it occurred in 10 other patients later on. Some published papers describe significant differences on the 3^rd^ day following open transthoracic oesophagectomy.\[[@ref3]\] The published data available is not sufficient to consider whether that time difference may relate to the fact that the patients in our group underwent minimally invasive methods. An interesting fact is that the CRP values on the 5^th^ day following operation in the group without the need for revision surgery (133 mg/l) and without leaks (122 mg/l) are very close to the value of 135 mg/l that is presented as a threshold below which there is a very small risk of an anastomotic leak in colorectal surgery.\[[@ref6]\]

The importance of post-operative CRP elevation is assessed in relation to early post-operative complications as well as from a long-term perspective. A significant post-operative CRP elevation following oesophagectomy, i.e., an intense post-operative inflammatory response, was proved as a negative factor for the length of survival after oesophagectomy.\[[@ref19]\] Minimally invasive operations generally reduce the response of the organism in the post-operative period. There is no consistent data available for the conditions following oesophagectomy, which can be caused by the greater variety of minimally invasive approaches, and significant surgical trauma after surgery in two cavities is indisputable.\[[@ref10][@ref11]\] When assessing long-term results in relation to problems with the healing of anastomosis we also focussed on the potential correlation between CRP elevation and the occurrence of anastomotic stenosis. We did not prove this correlation in our group. Of the 6 patients with stenosis occurrence, three had leaks after the operation, and patients had no complications with the healing of the anastomosis. Similarly, we did not record any differences in CRP values between the group of patients after neoadjuvant chemotherapy and the primarily resected ones.

CONCLUSIONS {#sec1-5}
===========

Post-operative monitoring of CRP level development dynamics following oesophagectomy might be beneficial in determining the risk group for the occurrence of leaks. This work considers these risks in a group of patients following MIE. Patients with CRP values on the 5^th^ day after operation \<133 mg/l or 122 mg/l are at a low risk that revision surgery would be needed or that anastomotic leaks would occur. This easily available and inexpensive marker allows for stratifying patients by the risk of leaks before most leaks are demonstrated clinically. This approach, therefore, enables selective indication of further examinations aimed at confirmation of the leak and the early-onset of adequate treatment.
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